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FOREWORD 



The fabric of our society is woven 
together by the contributions of indi- 
viduals and by their abilities to com- 
municate their thoughts and actions. 
The aggregate dimensions of such 
communications are increasingly de- 
pendent upon efficient systems of 
transmitting data by electrical means. 
This book presents the fundamental 
ideas involved in developing effective 
uses of data communications. More 
importantly, it provides an insight 
into the way that administrators of 
business, industry, education and gov- 
ernment benefit from integrated in- 
formation systems which merge data 
processing and communication tech- 
niques. 

Recent developments in both the 
concepts associated with business in- 
formation systems and the hardware 
associated with computers have had 
a significant impact on management 
education and practice. Now we see 
further changes as new concepts and 
new technological developments are 
applied to the movement of business 
data over longer distances. These 
changes influence the pattern of 
management decisions and the very 
structure of organizations. Questions 



of centralization, decentralization, 
and related authorities and responsi- 
bilities are examples of management 
patterns that are being deeply influ- 
enced by changes in the field of data 
communications. 

This book was written by staff 
members of the Bell System. Our role 
as consultants was to advise and 
guide the staff group. In particular, 
we were asked to represent the inter- 
ests of faculty members at the col- 
legiate level who might be seeking 
course materials in this new field. 

The insight that can be gained by 
a study of the materials in this book 
will not make a data communications 
expert of the reader. It will, however, 
provide students of business adminis- 
tration, present and future managers, 
and present and future business 
teachers with a good introduction to 
the subject. The future manager can 
gain a better understanding of how 
data processing and data communica- 
tions can be merged for management 
decision making. Teachers in the field 
will be able to supplement discus- 
sions of information systems and 
“automation” with authoritative infor- 
mation on data communications. 

E. Dana Gibson 

Harry Huffman 

Norman F. Kallaus 
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Chapter I 5 

THE MEANING OF 
COMMUNICATIONS 



DATA 



Among the many characteristics that have enabled man to rise 
above all other forms of life on earth is his ability to communicate 
across time and space. Many lower animals are capable of trans- 
mitting information within their immediate environment But only 
man has learned to record information, and thus c ommuni cate 
across time, and to send information beyond his immediate envi- 
ronment, thereby communicating across space. The progress of 
civilization is closely paralleled by improvements and setbacks in 
man’s systems of communication. 

Contemporary man, faced with a surging technology and increas- 
ingly complex problems of organization, has had to develop entirely 
new methods of dealing with the enormous amount of information 
generated daily by both the private and public sectors of society. 
He has also had to find ways of collecting information from, and 
transmitting it to, widely dispersed points with ever increasing 
speed. Data communications is designed to fulfill this require- 
ment of rapid transmission of information. 

Definition 

Although almost any process of transmitting information may be 
thought of as a form of data communications, the term is usually 
limited to one particular area of technology. In this sense, a data 
communication system must have these two characteristics: (1) 
the data, or information, is transformed into a special code and (2) 
the data is moved, or transmitted, by electronic means. Data com- 
munications may thus be defined as the movement of encoded 
information by means of electrical transmission systems. The 
transmission system includes input/output devices, the electrical 
transmission links proper and, in many instances, related communi- 
cation switching systems. 

The terms data and information will be used interchangeably 
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in this book although there is a su Je difference between the two. 1 
Data may be regarded as one or more facts, not necessarily mean- 
ingful Information, however, is always meaningful For example, 
the apparently meaningless series of digits 0486752250 could be 
called data. To a payroll clerk, however, to whom the figures 
mean that employee number 0486 worked 7.5 hours and should 
be paid $22.50, the series of digits would be information. Since 
data* is transmitted through a data communication system in order 
to reach someone to whom it is meaningful, in this text data 
and information will be considered synonymous. 



fin Forms and Uaaa 
A Data Communi ca tions 

Folbw'ng are some examples of data communications at work: 

L A hotel confirms a salesman’s room reservation in another 
city by teleprinter communication with the chains central 
office. 

2. A builder receives a sketch of a change in an architectural 
drawing over a handwriting transmission system. 

3. A police officer at a remote location uses a facsimile system 
to di g p a t^ h a photograph to headquarters for identification 
purposes. 

4. A branch office manager submits time-card information to die 
company’s home office computer, using a punched card trans- 
mission system. 

5. A doctor ir a small town transmits an electrocardiogram of 
one of his patients to a distant university hospital for analysis 
by a heart specialist. 

6. A scientist obtains a copy of a research study on space medi- 
cine from library records by means of a microfilm transmission 

system. 

7. On Monday morning, a sales manager receives a report of 
the preceding weeks sales via teleprinter service from the 
corporate data processing center. 

In each of these examples, a data communication system is used 
to transmit information almost i nsta nt a n eously over a considerable 



i "information" it a multi-faceted tarm in today’s ociantific world. Tha definition ua^in ftia tairt 
it drawn from the way the word it ueed in business. For a fll.mpaa^nto 

of the word ■•information," see On Homan C swwas lr s H ea, Cohn Cherry, John Wiley fc Sons. me.. 

^Mthougfi the word "data" is the plural of the noun “datum," Ha association with a singular verb 
Is >«c o iwinfl Mtsblishsd by common businsst ussqo. 
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distance. It is this capability that permits data communications to 
play a vital role in operations and management 
The activities of business, government and other large organiza- 
tions are to a considerable extent dependent upon information and 
the movement of this information. The increasing compatibility of 
data processing and data communications is doing much to rein- 
force the complete systems approach now being offered in today’s 
procedures for information handling. 




A Business Information System is a combination of people, dr.ca 
processing equipment, input/output devices and communications 
facilities. It supplies timely information to both management and 
non-management people for die planning and operation of a busi- 
ness. The system must accept information at the point where it is 
generated, transport it to die point where it is to be processed, 
process the information and, finally, deliver it to the point where 
it is to be used. If the total system were contained in one room, 
die role of electrical communications might be minor— perhaps just 
a number of wires running across the room. In practice, however, 
the points of collection, processing, and ultimate use are separated, 
and data communications assumes the key role in linking die total 
system. 



Data Communications 
and Data Processing 

Data is being processed whenever office workers perform any of 
these types of operations: 



eration 


Example 


recording 


typing an order or writing up 
stock transaction information. 


classifying 


deciding how to file correspond- 
ence. 


sorting 


segregating student data by class 
—freshmen, senior, etc. 


calculating 


determining the amount to be 
paid to an employee for time 
worked. 


summarizing 


writing a report. 
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6. storing and retrieving filing documents and taking oth- 

ers from the file. 

In contemporary business practice, however, the term data proc- 
essing implies extensive utilization of machines, in particular com- 
puters, to perform these operations. 

In any discussion of the relation of data communications and data 
processing, it is useful to recognize that information must move 
within a data processing system and that this movement is a form 
of data communication. However, data communications extends far 
beyond the context of data processing, embracing as it does the 
movement of information to and from the pou ' of processing. 
(Figure 1.) It permits data processing equipment to reach out and 
establish contact beyond the limits of its own air-conditioned room. 
Data communications enables a data processing facility to be used 
by remote locations for processing, inquiry or input of information. 
Operating efficiency is enhanced to the degree that basic processing 
equipment becomes accessible to more people for wider use in an 
expanded sphere of operation. 

The information system of the Westinghouse Electric Corpora- 
tion, a multi-product company with almost 300 locations through- 
out the United States and Canada, is an example of the close 
working relationship between data communications and data proc- 
essing. Through the use of data communications, all of the 
company’s locations are connected with the Tele-Computer Center 
in Pittsburgh. The Westinghouse information system is described 
in detail in Chapter III. 

Data communications also makes it possible to design a large 
scale data processing system with computers in widely separated 
locations linked together through communication channels. Since 
each computer in such an arrangement has access to the data 
stored in the memory of other units, it is unnecessary to duplicate 
die contents of all the memory units. As a result, the total amount 
of information that can be stored in the system is increased. With 
this type of linkage, it is possible in a properly designed system to 
balance the processing load by sending any overloads of data 
at one location to another location that has spare processing 
capacity on its computer. 

Tha Function of 
Data Communications 

It is universally recognized that communication technology is 
essential to all business today. A business able to function suc- 
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Figure 1. Data communications permits data processing equipment to reach beyond 
the space and time limitations of its own air-conditioned room. 
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cessfuUy without some application of communications is difficult 
to imagine. At a minimum, a company needs one telephone to 
operate. At the other extreme are companies that exist solely 
because of their use of communications. 

Organizational size is not the only factor in determining the 
role of data communications. From an organization as complex 
as the United States Government to one as simple as a dentist’s 
office handling its own records, there is a potential need for data 
communications. Doctors and dentists, for example, can transmit 
their account information by means of data communication facilities 
to service bureaus for billing. Within companies uses for data 
communications can be found at all levels, from the president, 
who may require up-to-date information on almost any aspect of 
the company’s operation, to a production-line worker, whose report 
on completion of one operation must be transmitted to a computer. 

It is possible that within the next decade a family may conduct 
many of its affairs with the help of some type of data processing 
facility — to pay bills, to order merchandise from the store, and to 
make bank deposits. Access to this data processing capability might 
be pro\lded via the teiephone. Equipment and systems for such 
applications are available today and planning is now going on for 
providing services of this type. 

It can be seen that there is an ever-increasing variety of ways in 
which lata communications may be used to benefit both business 
and individuals. In almost any business function — accounting, mar- 
keting, production, etc. — the combination of data processing with 
data communications is being employed to improve and facilitate 
operations of the enterprise. 

Because of the growing use of these applications, many of the 
nation’s business concerns are training their peoplt, *n this field. 
Sears, Roebuck and Company recognizes the role of these inte- 
grated data processing arrangements in the development of an 
efficient information system. Training and education in systems are 
regularly held for management personnel with emphasis being given 
to the application of processing combined with communications. 

The Bell System conducts one-day business communication sem- 
inars to acquaint businessmen with the uses of all forms of com- 
munications. Executes from many types of businesses from all 
over the country attend this one-day seminar. In addition, a two- 
day seminar, covering the field of communications in much greater 
detail for systems men and data processing managers, draws at- 
tendance from many businesses . 3 
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Summary 

The emphasis in this introductory chapter has been upon the 
role of data communications in the task of moving information. 
Greater breadth in the design of business information systems is 
being facilitated by the compatibility of processing and communi- 
cations. 

In succeeding chapters, data communications in business infor- 
mation systems will be discussed in relation to: 

1. its role in an organization at several levels, 

2. its suitability and adaptability in a number of corporate and 
management situations, 

3. communication problems in information systems, 

4. planning a data communication system, and 

5. important, discernible trends in the use of data communica- 
tions. 

Detailed m r «mation on specific types of communication services 
and equipment can be found in die back of die book with references 
throughout the body of the text for those readers who wish to use 
this Supplementary Information Section. 



Discussion Questions 

1. Define data communications and describe several specific working applications. 

2. How are data communications and data processing related? 

3. Discuss the differences between “data" and “information" as used in a busi- 
ness sense. 

4. What role can data communications play to meet the increasing information 
needs of an organization? 

5. In what ways can data communications be used by small businesses which may 
only have one location? 



* James Morr.s, "Breaking Communications Bottlenecks,” SYSTEMS — The Magazine of Management 
Methods (May/June, 1963), Page 10. 
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Chapter II 



THE ROLE OF 

DATA 

COMMUNICATIONS 



Human beings have been observing for a long time that the world 
seems to be steadily growing smaller. It is nevertheless undeniable 
that the pace of this apparent contraction has accelerated enor- 
mously within the past decade. The jet planes that now streak 
across our oceans may soon be doing so at two or three times the 
speed of sound. 

Communications has played an equally important role in draw- 
ing all parts of the world closer together. Within less than a 
twelve-month period, millions of people were able to watch the 
Olympic Games in Japan, the inauguration of a President in the 
United States, and a state funeral in Great Britain without leaving 
the comfort of their own homes. 

Data communications has also benefited greatly from the recent 
technological advances in the more general field of communications. 
The most significant developments in data communications have 
taken place in the United States, where it is more widely used than 
in any other country in the world. Data communication techniques 
are assuming an increasingly valuable role not only because of the 
speed with which they transmit information, but also because of 
their ability to cope with the expanding volume of information 
generated by our society. 



The Information Explosion 

Throughout most of man’s history almost all knowledge was 
transmitted from mouth to ear, and then usually lost. The infinitesi- 
mal amount of information that was recorded was chiseled on 
stone or scrawled on parchment for others to read. But with the 
development of printing, man began the process of accumulating 
knowledge rapidly and disseminating it widely. 

By 1800, it is estimated, the sum of human knowledge was doub- 
ling every fifty years. Then, in the 1830 s came the full impact of 
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the industrial revolution. It accomplished more than just the sub- 
stitution of machines for human hands; the industrial revolution 
also gave birth to the information explosion. Information began to 
accumulate rapidly not only because the new machines were gener- 
ating information, but also because man, freed to a large extent 
from the burden of manual work, was able to generate more infor- 
mation himself. 

By 1950, the sum of human knowledge was doubling every ten 
years, and there were predictions that knowledge would continue 
to expand at such c .te that by 1970 it would be doubling every 
five years. Noting the trends, American scientists during the sixties 
warned of the problems that this mass and flow of information 
would produce. Dr. Vannevar Bush, a widely respected engineer 
and mathematician, cautioned that science might soon be strangled 
by its own product. By 1963, in the natural sciences alone, 600,00u 
technical documents were being published yearly, and it was clear 
that there would be a continuing acceleration in the amount of 
published scientific matter. 

The effects of the information explosion were experienced in 
other areas of the economy. In medicine, for example, the dean of 
the medical school at the University of California in Los Angeles 
declared that more medical research had been published since 
World War II than in all prior human history. An executive of an 
aircraft company revealed that just the paper required for the 
design drawings of a jet plane outweighed the plane itself. 

As knowledge accumulates, it becomes increasingly difficult for 
anyone to have access to all the information available in even a 
highly specialized field. Accordingly, the techniques of processing, 
filing, storage, and retrieval assume added significance in mans 
efforts to avoid the waste of duplicating work that someone else 
has already done. 

Part of the answer to the retention and retrieval problem created 
by the inf ormation explosion lies in the use of computers as stor- 
age units. All the information related to an area of study can be 
stored in memory units associated with one or more computers. 
But even when existing information is stored in computer memory 
units, it is useful only if those seeking answers can gain rapid 
access to it. Easy and rapid access to computer-stored information 
can be available through data communications. An ultimate solu- 
tion to the information problem may require the establishment of 
national libraries available to subscribers through remote-inquiry 
devices. Such inquiry devices linked to computers by communica- 
tion channels would permit a user to key an inquiry into a machine 



and receive in return a visual display, a printed document, or an 
audible answer to his question. (Figure 2.) 

Data Communications as an 
Aid to Government 

National Defense. The defense of our country depends upon 
what is undoubtedly the largest combination of computer and data 
communication systems in the world. Individual systems of the 




Figure 2. Computers can automatically index and store information about specific fields 
of knowledge. Access to the information can be provided by remote inquiry terminals 
connected to the computer by data communication channels. 
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Department of Defense supply up-to-the-second command, control, 
and warning information (including detection, surveillance, and 
retaliation) required by the various unified and specialized com- 
mands of the Army, Navy, and Air Force. Individual voice and data 
communication networks may function in combination with one 
another as well as separately; they may be directly or indirectly tied 
together while serving one or several military commands. Most of 
these communication systems are provided by the communications 
common carriers. 

A description of several of the more important systems may 
serve to illustrate the overall magnitude: 

SAGE — One of the largest combined computer and data com- 
munication control systems in the world is the Semi-Automatic 
Ground Environment (SAGE) system operated by the Air De- 
fense Command of the United States Air Force. SAGE is a 
surveillance and weapons control system that maintains watch 
over the skies of the North American continent. It is designed to 
receive information from the many radar sites including those 
from the CADIN (Canadian Integration North, formerly Pine 
Tree) systems, as well as from flying observation aircraft and 
ocean picket ships. Information from the various outposts is 
transmitted to central computers over data communication chan- 
nels. The computers process the data and display pertinent 
information on special screens and radar scopes in military head- 
quarters where it is evaluated by the Air Force personnel who 
monitor the system. As unidentified aircraft approach or violate 
United States air space, command personnel can be notified 
immediately and, if necessary, issue orders to dispatch ani con- 
trol interceptor aircraft or activate other weapons of the air de- 
fense system. 

The dependence of the SAGE system on data communications 
is based on the fact that most of the radar sites in North America 
are located hundreds of miles from their central computers. With 
communication lines providing the primary link, information 
relating to these locations is transmitted to and from the control 
centers as events occur. Electrical communications satisfy the 
critical need for accuracy and reliability in the transmission of 
information vital to the security of the country. 

SACCS (Strategic Air Command Control Systems) — This is a 
gigantic two-way communication system funneling information 
into SAC headquarters and sending operational instructions and 
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commands outward to the force. Information concerning indi- 
vidual base readiness, bombers, missiles, tankers, personnel, etc., 
is converted into digital data and transmitted at speeds up to 
3000 words per minute over communication bnes to a central 
computer. Some information is continuously displayed by con- 
verting the computer language into conventional language, rapid- 
ly printing on a film and projecting in color on la ge screens. 
Virtually any information stored in the computer can be called 
up by the SAC commander as he desires. 

BMEWS (Ballistic Missile Early Warning System) — Long-range 
radars in Alaska, Greenland, and England transmit ballistic mis- 
sile and satellite tracking data to computers in Colorado Springs, 
Colorado. Voice and data circuits are used between Colorado 
Springs and each site. The communication facilities of the DEW 
Line and new under-ocean cables are also used. 

SPADA'.'S (Space Detection and Tracking System) — Computers 
at Bedford, Massachusetts, and Colorado Springs, Colorado, keep 
accurate, up-to-the-minute records of every orbiting object in 
space — payloads as well as pieces of “space junk” that accom- 
pany satellites into orbit. Tracking stations - radars and optic 
trackers — forward observations and tracking information to a 
SPADATS computer over communication lines. Anticipated or- 
bits are calculated by the computers and anticipated tracks are 
transmitted back to the reporting stations for verification. The 
two computers are also connected by communication lines so that 
both may be continuously kept up to date. Radars of the 
BMEWS also supply satellite tracking information to SPADATS. 

Switched Networks -In addition to special systems such as 
those mentioned above, the Departments of the Army, the Navy, 
and the Air Force share a sophisticated private automatic switched 
voice network ( with data transmission capabilities ) similar in opera- 
tion to but separate from the Direct Distance Dialing network used 
by the public; and also a private automatic switched digital network 
with message switching 1 capabilities. These systems perform ex- 
tremely important tactical service during periods of emergency; in 
non-emergency periods they are used to carry on normal routine 
and administrative matters. 

Federal Agencies. The Federal Government utilizes several very 
large data communication networks in addition to those that have 

1 The concept of message switching is explained in the Supplementary Information Section. 




12 



military applications. The United States Weather Bureau, for ex- 
ample, uses an extensive network to collect and disseminate weath- 
er information to the Federal Aviation Agency, commercial air- 
lines, agricultural organizations, and the general public. The Na- 
tional Aeronautics and Space Administration employs another large 
communications network for data acquisition and tracking in con- 
nection with its manned space vehicles and other space probing 
activities. The Federal Aviation Agency, the Veterans Administra- 
tion, and the Social Security Administration have each established 
an extensive communications complex for transmitting both voice 
and data between their various locations. 

Law Enforcement. Federal and State law enforcement agencies 
employ more than 200,000 people. The sheer size of this operation 
demands that law enforcement organizations utilize many of the 
most advanced techniques of business information systems, includ- 
ing the latest in data communications. 

Rapid communications and ready access to records are essential 
to successful law enforcement. To complicate the problem, law 
enforcement activities in the United States are divided, among a 
multitude of state, county, and municipal organizations that are 
highly interdependent for information and assistance. Further- 
more, if law enforcement is to be effective, information irust flow 
from the operational levels of each organization to the operational 
levels of the others. The faster a report of a stolen car can be sent 
from the desk sergeant in a city precinct to a county highway pa- 
trolman in the next state, the greater the chances of apprehending 
the thief and recovering the car. 

Many states today have installed extensive teleprinter 2 networks 
to send administrative messages as well as reports of suspects, 
reports of stolen property, etc. These networks are interconnected 
with those of other states to exchange information rapidly through- 
out the country. Within minutes after initial receipt of word con- 
cerning a crime, relevant information can be distributed over a 
wide area, records checked, facts verified, and appropriate instruc- 
tions issued. 

Emerging trends in law enforcement indicate even greater de- 
pendence on data communications in the future. The tendency 
toward regional consolidation of law enforcement services, the 
automation of police information systems, and the establishment of 
regional record centers all herald an increase in the nse of data 
communications. 

* Teleprinter equipment is discussed in the Supplementary Information Section. 
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Data Communications and tho Firm 

In the American economy, every business firm must be a dynamic 
entity always in a state of transition. It either advances or declines; 
it cannot stand still. This constant change in a company’s status 
creates operational problems. The mark of an effective manager is 
his success in identifying problems and solving them with whatever 
means are available. Communications, as one of the available tools, 
plays a significant role in keeping a company in touch with its own 
divisions as well as with its customers and suppliers. 

As companies become larger, more widely dispersed, and more 
diverse in their operations, and at the same time try to render 
better service at lower prices, the problems of internal communi- 
cations become much more complex. 

Communications Links Newly Merged Firms. The lure of 
reduced administrative costs, tax benefits, and an expanded base 
of operations has led to an unprecedented number of company 
mergers in the past few years. Although there are obvious 
advantages to such mergers, they are not without their 
problems. Physical consolidation of plants is often impracticable 
because of considerations such as existing union contracts, proxim- 
ity to suppliers, and unexpired leases. Thus the rapid exchange of 
operating information becomes a vital consideration. Data com- 
munications can play a prominent role in bridging the gap in time 
and space between the merged companies. 

If both firms have been using data processing equipment before 
the merger, it may be advantageous to devise a system that permits 
the companies to share the facilities. It is thus often possible to 
eliminate part, if not all, of the data processing equipment at one 
location. With data communications, the two companies can cen- 
tralize all their data processing equipment or, at least, distribute 
the load between the two installations if both remain in operation. 
(Figure 3.) 

Mergers permit many cost-cutting measures, including the shar- 
ing of some staff services. Close administrative cooperation is of 
paramount importance. Here, too, data communications can serve 
to link the two companies. 

Communications Improves Efficiency. A corporation must 
examine many factors before deciding to transfer all or part of its 
operations to a new location. In our competitive, open economy, 
successful companies seek every opportunity to cut expenses and 
improve service. One way to achieve these goals is to move closer 
to available sources of labor and raw materials. Another is to move 
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Figure 3. Even though two newly merged companies must remain physically separated, 
they can both have access to a new centralized data processing center through the use 
of data communications. 
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closer to the principal market area for the particular products. A 
third is to choose locations where building costs and taxes are lower 
or where labor costs can be reduced. While these objectives are 
sound reasons for moving to new locations, the resultant changes 
are almost certain to increase the problems of coordination. 

An example of just such a situation may be seen in the case of a 
company that divided its manufacturing operations so as to produce 
television cabinets in one plant and the sets in another. Because of 
poor coordination between the two plants, inventories were almost 
continuously unbalanced. For some models, more cabinets than 
necessary were being produced, while in other cases there were 
not enough cabinets. This imbalance created additional expense 
and inconvenience; it became necessary, on occasion, to find tem- 
porary storage facilities for the surplus cabinets, even to the extent 
of using the bams of local farmers. Top management was unaware 
of die dimensions of the problem until an investigation was touched 
off when a customer complained of finding barnyard debris in the 
bottom of his television console. It was subsequently discovered 
that the breakdown in plant coordination had cost the company a 
substantial portion of the profits it might normally have expected 
to make. 

Coordination of the supply of components required to manu- 
facture a particular product is basically a problem of inventory 
management and production control. Whether the requirements 
are relatively simple, as in the case just cited, or involve the con- 
trol of a great many parts manufactured or warehoused in widely 
separate locations, data communications can help to coordinate 
interplant activities. With effective co mm unications, centralized 
control can be exercised over the rate of manufacturing of the 
various components. It is practical, moreover, to use data com- 
munications for rapid reordering of parts from outlying ware- 
houses. When daily records of warehouse shipments are sent to 
the factory, it is possible to deliver (often by the next day) enough 
stock to replenish the inventory supply. This type of coordination 
limits the amount of stock required in the warehouse and thus 
reduces both the storage problem and the inventory cost. 



C omm u n ications Permits Larger Markets. Many companies, 
no longer willing to depend upon (me or two major products to 
supply the bulk of their sales revenue, are branching out into 
broader product lines. They are also attempting to find new markets 
for existing products. 

Promotion of an existing product line by increasing its channels 
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of distribution introduces a host of marketing and communication 
problems. A good example is the new trend in the marketing of 
children’s clothing, for which the traditional retail outlets have al- 
ways been department stores, large clothing chains, and childrens 
apparel shops. In recent years, however, these products, individu- 
ally wrapped in plastic bags, have been sold in increasing quantities 
in supermarkets. 

A manufacturer cannot distribute products to supermarkets 
through the same channels he uses for department stores. Utilizing 
these supplementary channels of distribution requires changes 
in methods of placing orders, delivering merchandise, billing, etc. 
Stocks retained in supermarkets are limited and usually require 
more frequent reordering. Orders tend to be smaller and must be 
delivered faster to avoid shortages. In brief, these differences de- 
mand different types of communications. 

Communications Increases Services to Customers. Customers 
in today’s competitive climate are demanding and getting more 
service. They are no longer content to wait long periods of time 
for delivery of products. They want fast delivery, low prices, and 
firm commitments. A supplier who cannot provide these services 
is likely to lose his customers to a competitor who can. 

Timely delivery is often the most valuable service a supplier can 
render. The faster a customer can expect delivery of an order, 
the smaller the shelf inventory he will have to maintain. Inventory 
can be further reduced if the supplier is willing to accept frequent 
small orders. Some form of automated ordering is also a help to a 
customer, for then he can prepare orders with a minimum of 
clerical effort. After one company had instituted an automated 
ordering system, it discovered that its annual sales to one of its 
customers increased from a previous average of $750 to almost 
$42,000 in the first year and to almost twice that in the following 
year. 

The key to an automated ordering system is the conversion of order 
information into machine language (e.g., punched or marked cards, 
or paper or magnetic tape) as quickly as possible, preferably at the 
initiating customers location. Using some type of communication 
service, the information can be immediately relayed to the sup- 
plier in machine-processable form. The order can be processed 
without delay, permitting much faster delivery. 

In businesses such as banks, travel bureaus and airlines, which 
deal primarily in service, data communications can be used to 
obtain information quickly and to expedite transactions involving 
deposits and withdrawals or ticket and hotel reservations. 
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Communications Reduces Operating Costs. As competition 
forces prices down and labor and material costs continue to rise, 
profit margins tend to shrink. When this happens, managers look 
to the reduction of operating costs as a means of exercising econo- 
mies. 

Communications can serve in many ways to reduce operating 
expenses. Businesses that have decentralized plant operations in 
order to save transportation costs, often find it more economical to 
handle payroll, purchasing, billing, and other functions on a cen- 
tralized basis. With the aid of data communications, all branch 
timecards, invoices, bills, etc., can be processed at a central location, 
reducing clerical costs at each of the plants. (Figure 4.) 

Operating expenses can be reduced indirectly by accelerating 
the rate of processing invoices. Rapid receipt of orders in the ac- 
counting center expedites customer billing, and any reduction in 
the time gap between shipping and billing dates correspondingly 
lessens the “float” in accounts receivable. A decrease in that por- 
tion of working capital devoted to carrying customer accounts 
produces in turn a saving in interest charges. 

Data Communications and the Manager 

The previous section discussed some of the ways in which data 
communications can be useful in the various aspects of a company’s 
operations. Although installation of any of the systems described 
is a management decision, once the system becomes operational 
it functions much like any other part of the company’s structure. 
Data communications, however, can also serve the business manager 
as a continuous tool, helping him to evaluate all relevant factors 
in his task of administering and managing the men, the machines, 
and the money available in his organization. 

Communications Permits Organizational Flexibility. A one- 
man business has no need for intern; ’ communications. But as 
soon as the entrepreneur hires a secretary to help with office work, 
a communication requirement is established. In a two-room office, 
an intercom may serve as one link between secretary and employer. 
As the organization grows, so do its communication requirements; 
the more people engaged in the operation of the business, the 
greater the need for internal communications. 

The primary purpose of organizational planning is to improve the 
ability of a business to conduct its affairs. The only justification 
for any form of internal organization is that it most effectively 
satisfies the particular requirements that called it into being. Until 



recently, the forms of organization available to many companies 
were limited by their requirements for intracommunication. A firm 
that needed timely, accurate information to operate efficiently had 
to keep its divisions relatively close to one another if management 
decisions were to be reached with dispatch. The available types of 
communications to a large extent determine the physical layout 
of the organization. 

Today, however, as a result of advances in the science of electri- 
cal communications, business executives can be located completely 
in accordance with the needs of the organization. It is now practica- 
ble to send information anywhere in the nation, in almost any form, 
with accuracy and speed. In a matter of a few minutes, a sales 




Figure 4. A company with several widely scattered operating locations can centralize 
the data processing function and make it available to all the locations through the use 
of data communications. 
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report, financial statement, or production report can be transmitted 
wherever needed so that a decision may be based on timely infor- 
mation. Through the use of advanced communication techniques, 
a company can determine its geographic distribution solely on the 
basis of the demands of the business. Plant proximity is no longer 
a prerequisite for reliable communications. 

Communications Improves Planning and Forecasting. Plan- 
ning and forecasting are by definition concerned with the future. 
But the basis of good planning is an accurate knowledge of the 
past. The more current and accessible the information about the 
past, the more valuable it becomes as a tool for planning. If a 
manager uses sales data that is one month old as a basis for planning 
the next months sales program, he may be missing important 
information about events that occurred within the preceding week or 
two. Such information is especially critical when seasonal or 
perishable merchandise is handled. A sudden slump in sales 
could create stockpiles of unsalable items, while a sudden spurt 
in sales could deplete inventories and result in lost sales in the 
future. 

Data communications can deliver up-to-the-minute information 
on sales, production, cash collections, and a host of other items — in- 
formation that is vital to proper planning and forecasting. For 
example, today's information on machine down-time, available man- 
power, and project priority could be instrumental in planning to- 
morrow s activity in a job shop where men and machines must be 
employed efficiently. 

The construction industry, to cite one illustration, relies on 
workable plans and realistic schedules to meet deadlines. One large 
construction company uses data communications to collect job 
status reports from all its construction sites every Friday night. On 
Saturday, the data is processed on a computer, using the Critical 
Path Method 3 of Scheduling. The computer reschedules each job, 
figures the cost of each project to date, and predicts the final cost 
and profits based upon the up-to-date progress reports. The revised 
schedules are then airmailed to the job sites on Saturday afternoon, 
and the superintendents have them in hand Monday morning. In 
this case, the company employs data communications to assemble 
up-to-the minute information so that plans for the following week 
may be revised in the light of the preceding week’s events. (Fig- 
ure 5.) 

3 Critical Path Method is a method of planning a project so as to bring it to completion in the 
shortest time at least cost. For a detailed discussion of CPM see Project Management end Control, 
R. L Martino, American Managemenr Association, New York, 1964. 
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Figure 5. Status reports are transmitted to the construction company headquarters every 
Friday night. The data is processed and revised schedules prepared. The new schedules 
are airmailed to the project sites and arrive there Monday morning. 
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Communications Improves Control. The system just described 
is not only an example of an effective planning operation, but also 
an illustration of an effective control technique. In this sense, the j 

company evaluates the latest information to determine whether * 

the progress of each construction project is on schedule. In the j 

Control Room at company headquarters are displayed all project j 

information, architectural sketches, progress photographs, updated j 

CPM (Critical Path Method) charts, and the company’s current j 

profit and loss picture. Each Monday morning, top management 
personnel convene in the Control Room to review each project 
and the company’s position as a whole. If a project’s time, cost or 
profit figures are significantly above or below estimates, steps are 
taken to determine the cause and start corrective action if necessary. 

In this company’s system, data communications serves as a means 
of gathering timely information essential for centralized control of a 
far-flung operation. j 

Communications Facilitates Decision Making. Few things 
cause executives so much anguish as the need to make vital deci- 
sions before all pertinent information is available. Many types of 
decisions, of course, can be made on the basis of information days, 
weeks, or even months old, but others require an appraisal of factors 
that may change daily or even hourly. Without rapid communica- 
tions, a manager may choose one course of action shortly after the 
entire framework of circumstances within which he must make 
the decision has changed. 

Most large companies, for example, convert idle cash into United 
States Treasury bills as soon as possible to take advantage of the 
interest that can be earned. The most important information for 
the treasurer is the amount of cash available for investment. The 
critical time for decision making is the end of the day just before 
the money market is about to close. The more up to date the infor- 
mation about cash collections and disbursements, the more accu- 
rately the treasurer can decide how much cash to invest. If he has 
to delay the purchase until the next morning, the company will 
lose a day’s worth of interest. When millions of dollars are involved, 
one day’s interest amounts to a substantial sum of money. 

If the company has an efficient data communication system, 
information about collections and disbursements anywhere in the 
country can be relayed almost instantaneously to the treasurer’s 
office. At the end of each day, the treasurer can be sure that he 
has an accurate picture of the company’s current cash position. He 
can thus make truly well-informed decisions as to whether he should 
buy or liquidate Treasury bills. 
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Summary 

Advances in technology have enabled communications to play an 
increasingly important role as a tool of both government agencies 
and private business. As society becomes even more complex, 
corresponding progress in communication techniques will be re- 
quired. 

Communications is essential at every level of organization. The 
United States Government utilizes vast communication networks 
for voice as well as data transmission. Businesses also need com- 
munication systems to carry on their many complex operations. 
Communications helps companies disperse their operations without 
losses in efficiency. Managers of a business use communication 
channels for rapid access to the information required for daily 
decision. Thus overall planning and control can be based on infor- 
mation that is accurate, inclusive, and up to date. 

Discussion Questions 

1. What problems has the “information explosion" created? 

2. How do the uses of communications by law enforcement and military agencies 
provide examples f or similar data communication system? in business? 

3. How can business use data communications to improve efficiency? 

4. How can top management use data communications to aid decision making? 

5. Why is data communications important to the student of business administration? 
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Chapter III 



DATA 

COMMUNICATIONS 
IN MANAGEMENT 



The previous chapters have stressed, mostly ir, broad terms, the 
variety of ways in which data communications can serve govern- 
ment and business. This chapter will consider the application of 
data communication techniques both to the various functional or 
departmental activities of a company and in an integrated informa- 
tion system for corporate management. 

Departmental Applications 
of Data Communications 

Data communications can be useful in practically every area of 
business practice. Its range of application seems to be limited only 
by the ingenuity of system designers. Wherever dispersed sources 
of information present a problem, there is likely to be a role for 
data communications. 

Accounting Operations. This area — usually one of the first to 
be automated when a company begins to install computers — was 
also among the earliest to receive the attention of data com- 
munication systems planners. 

One large chemical company, for example, had used a system in 
which payroll information was recorded on time sheets at each of 
its four plants. These reports were mailed weekly and were received 
at company headquarters on Monday. Upon receipt of the time 
sheets at the accounting center, punched cards were prepared, the 
payroll was run on the computer, and the checks were printed out 
and sent to the main office for signature. The deadline for return 
mailing of the checks was 10 a.m. on Wednesday. The signed pay- 
checks had to arrive back at the plants by Thursday for distribu- 
tion to the employees. Adherence to the schedule was essential 
to good employee relations. 
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Although a payday had never been missed, the company was 
compelled on several occasions to charter planes to meet deadlines 
at two of its more distant plants. Because of delays in the method 
of transmitting time sheets, the company was unable to realize all 
the expected advantages of centralized processing. 

Afte: v he situation was studied, it was decided to transmit time 
reports from each plant to the accounting center on the existing 
administrative teleprinter network. The reports were typed on a 
'eleprinter and a punched paper tape was prepared. As the data 
was transmitted to the accounting center, it was converted directly 
to punched card form ready for immediate processing. Direct card 
preparation alone saved the company almost $500 a month in cost 
of keypunching and verification. The company was also able to 
complete its payroll processing twenty-four hours earlier, which 
provided a comfortable margin in meeting its deadline. The com- 
pany plans to expand the system by transmitting payroll information 
to each plant where checks will be printed out automatically. 

Another aspect of accounting procedure is illustrated by the case 
of a wholesale drug distributor. This firm maintained a separate 
billing operation at each of its warehouses so that an invoice could 
be packed with every order as it was shipped to the customer. The 
invoices were prepared from prepunched stock item cards. 
These cards were then trucked from the warehouses to head- 
quarters for purposes of inventory control. Under this system, how- 
ever, the inventory record in the computer was twenty-four hours 
old; consequently, the computer would frequently prepare orders 
that could not be filled from the specified warehouse. 

A data communications system was established by which the 
prepunched cards for all orders received during the day (an average 
of 10,000 cards) are automatically transmitted every evening to the 
headquarters computer location. 1 The central computer prepares 
the invoices and determines whether all orders can be filled from 
standing inventor,' at the local warehouses. Items in short supply 
are requisitioned from the main warehouse and trucked to the local 
warehouses, together with the invoices, by 2 a.m. the following 
morning. This new system e liminat es the need for accounting equip- 
ment at warehouse locations, improves the accuracy of the inventory 
record, gives the customers quicker and more reliable service, and 
saves substantial administrative expenses. 

Personnel Applications. Most companies make every effort to 
maintain accurate, comprehensive employee records. Common to 

1 Punched card transmission terminals are discussed in the Supple m e nta ry Information Section. 
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almost all employee records are such basic (acts as name, address, 
dependents, education, previous work experience, company work 
ex p er i en ce, and company training. Many companies, however, also 
record information of a more confidential nature, such as medical 
history, salary, and evaluations by supervisors. In the course of 
business, many people require access to the first category of informa- 
tion, but considerable difficulty could arise if the more confidential 
records were available just as freely. To provide the necessary 
security, some companies have established many different employee 
record centers, each containing only the information pertinent to the 
record centers* specific functions. In such an arrangement the basic 
information is duplicated at many locations. Also, because the 
information changes from time to time, there tend to be discrepancies 
among duplicate records at different locations. 

A study of one company showed that employee records were being 
maintained at ninety different locations, that much of the informa- 
tion was duplicated at several locations, and that many of the records 
were not up to date. To cope with this problem, the company 
decided to consolidate all employee information in a computer 
center. Thereafter, when any division required pc* *mnel informa- 
tion, a teleprinter was used to interrogate the computer. The tele- 
printer would, in turn, print the computer’s response. The computer 
would the validity of the interrogator s confidential authority 
number before transmitting the information. After the information 
had served its purpose, the printed copy could be destroyed. 

Such a system has several advantages: most of the space formerly 
required for storing records can be used for other purposes; employee 
information is more accurate and up to date; confidential information 
is available only to authorized personnel; and, last but not least, the 
savings in clerical expenses help offset die cost of the company s 
computer center and the associated data communication subsystem. 
The system, of course, is also available to perform many other data 
processing functions. 

Production. A major problem among manufacturers is maintain- 
ing control over production lines. It is necessary to know at all 
tines what raw materials have been used, how far each item has 
moved along the production line, how many items have been 
completed, and whether any bottlenecks have developed. 

One large airplane manufacturer uses punched cards to identify 
every item used in the manufacture of a plane, ranging from 
material such as hydraulic fittings to pieces of sheet metal and 
barrels of bolts. As these items are issued from the supply room, 
the corresponding punched cards are transmitted to a computer. 
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The information is used to maintain an inventory of parts as well 
as to record the cost of each airplane. As inventories become 
depleted, the computer automatically issues orders for the purchase 
of more parts. 

In another case, an automobile manufacturer uses a teleprinter 
network to send orders to various stations along the production 
lines. At each plant, detailed assembly instructions are prepared 
by data processing equipment for transmission over the teleprinter 
network. This system enables each station on the final assembly 
line and on the transfer lines feeding the final assembly lines to 
know exactly what is to be added to each car as it comes through. 
The first station on the line selects the desired basic body style. 
Subsequent stations are instructed as to type of tires, color of the 
interior, kind of radio to be installed, etc. The desired items are 
received as needed from the transfer lines, thus avoiding an accumu- 
lation of material at the final assembly stations. In this way, orders 
from all dealers can be coordinated and assembly line methods can 
be used to produce finished automobiles according to the specific 
wishes of each purchaser. (Figure 6.) 




Figure 6. A teleprinter is used to receive assembly instructions at each station on an 
automobile production line. 
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Marketing. Electronic data processing has yet to achieve in 
marketing the status it holds in other areas of business operation. 
One reason for this is the pervading belief that marketing does not 
yield enough data to justify the use of a fair-sized computer. Many 
authorities point out, however, that the data does exist in great 
quantities but until now there has been no way to collect the informa- 
tion or to analyze it quickly enough to make it useful. The growing 
variety of terminal equipment coupled with data communications 
has now made it possible to collect marketing data rapidly and 
economically. 

One large department store is installing a system that will include 
a communications link to report sales directly to a computer from 
cash registers in nine stores and a voice response from the computer 
when a clerk checks the credit standing of a customer. The computer 
will also provide management with a daily report on the cumulative 
sales of each department in every store compared to the equivalent 
period in the previous year, plus analyses of sales trends and even 
a report on the sales performance of each person on the selling 
floor. 

One important aspect of marketing is the development of 
efficient sales procedures. Customers should be able to place orders 
easily, and their purchases must be processed quickly and accurately. 
Many companies have turned to data communications for solutions 
to their problems in these areas. 

A wholesale hardware distributor, for example, has established a 
punched card system to permit customers to place their orders 
quickly and easily. Although the company stocks over 30,000 
different items, most of its customers, the management learned, 
repeatedly requested the same items. To simplify die process, each 
customer was provided with a card-reader transmitting device and 
a supply of prepunched cards for the frequendy ordered items. The 
cards contain the customer s number and the parts number. The 
ordering system works as follows: 

1. When a customer wants to place an order, he telephones the 
distributor s card-punch receiving station. 

2. Using the established telephone connection, the customer 
activates his card-reading device, which transmits the informa- 
tion contained on the chosen item cards. The desired quantity 
of each item is keyed in on a small keyboard associated with 
the card reader* 

3. The customer’s cards are automatically duplicated at the dis- 
tributor’s receiving station. 

1 This punchsd card transmitting device is described in the Supplementary Information Section. 
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4. The distributor processes the duplicate cards to prepare a 
picking sheet to locate the items in the warehouse. 

5. The order is assembled, checked, and sent to the customer, 
often on the same day it is placed. 

Since this system was installed, orders from customers have 
increased substantially. Customers appreciate the arrangement, as 
it helps them reduce the size of their inventories and the costs of 
their purchasing operation. The system virtually eliminates paper 
work, since both customer and distributor can use the punched cards 
for computerized bookkeeping, and the order itself is prepared and 
transmitted with a minimum of preliminary paper work. 

Engineering Applications. The complexities of engineering 
problems require that engineering and research people have access 
to data processing equipment; many types of complex problems are 
not readily solved with paper, pencil, slide rule, and desk calculator. 
In this area, too, data communications helps research and engineer- 
ing personnel prepare and test new computer programs and transmit 
data over long distances. 

A large chemical company uses teleprinters to prepare new 
engineering programs in punched paper tape form and to forward 
them to a large-scale computer at a data processing center. The 
engineer receives the results of the test of his program and returns 
any corrections to the computer via a keyboard printer. Engineers 
can also send their own data to the computer for processing. This 
system allows each engineer to have access to a computer for his 
own project assignments. It eliminates the need for a small computer 
at each of the engineering locations without any loss of time in 
research and development work. 

An arrangement has been developed which allows several users 
to share a computer at the same time (“time-sharing”). Each user 
converses directly with the computer via a remote keyboard printer 
as he prepares his program. The computer analyzes the instructions 
as they arrive, and can send back error messages. This is called the 
conversation mode of operation. For engineering applications, it 
greatly increases die productivity of each engineer as compared to 
the older method with its inherent delays in getting a new program 
“debugged” and in running a problem on the computer. The con- 
versation mode is discussed in detail in Chapter VI. 

It can be seen from the foregoing examples that within the frame- 
work of business practice, data co mm unications is widely used in 
conjunction with data processing equipment. Communication sys- 
tem designers can help management apply the economies of com- 
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puter operations to every department of a corporation. So far, 
however, we have been considering each administrative subdivision 
— accounting, personnel, production, marketing, engineering — as 
more or less independent units. Perhaps the most dramatic example 
of the benefits data communications car provide is its capacity to 
help integrate all of the departments of a major company into a 
single coordinated system that permits both departmental indepen- 
dence and overall control in those areas that require it. 

Business Information Systems 

Figure 7 is a simplified representation of the way information 
flows in a Business Information System. Relevant information is 
accumulated from various operating sources, or from sources outside 
the company. After being processed, the data is acted upon, 
either directly by operating personnel in accordance with 
established rules, or analyzed by management so that appropriate 
action can be taken. All information that cannot be acted on at the 
lower levels is filtered out, and sent upward to the appropriate 
decision-making or action personnel. 



TOP 

LEVEL 




Figure 7. A Business information System handles ail of the company management and 
operating information. The operating information will generally represent the bulk of 
the information handled in the system. 
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It is apparent that the bulk of information handled is in the non- 
management area of the business. Such information includes factual, 
routine material essential to everyday operation: orders, inventory 
control, billing and purchasing. Operating reports and non-routine 
items move up the line to higher management. There is a corres- 
ponding downward flow of information designed primarily for the 
control of operations. 

The apex of the pyramid represents the essential strategic knowl- 
edge required by top management — a distillation of the financial 
and operating data used for routine decisions at lower levels of the 
firm. In between the two strata, middle management is concerned 
with data for control of tactical operations, and, to some extent, with 
information for strategic decisions. Again the pattern reveals a 
lateral flow in addition to a downward flow of control information. 

In Chapter I, a Business Information System was defined as a 
combination of people, data processing equipment, input/output 
devices, and communication facilities that supply the information 
needed to operate the business. In this definition input/output 
devices may be either remote data processing equipment or terminal 
equipment associated with 
communication links. In 
simplified terms, the three 
major elements of an infor- 
mation system are people, 
processing equipment, and 
communications. This com- 
bination can be envisioned 
as a three-legged stool, with 
the seat comparable to the 
information system itself. 

(Figure 8.) The three legs 
are reinforced with braces 
which in the analogy may 
be considered as aspects of 
systems planning. 

When a Business In- 
formation System is ana- 
lyzed in this way, the 




Figure 8. An information system is composed of data processing, data communications 
and people, supported by systems planning. 
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relationship between the various parts becomes clear. Any system 
design must consider all three elements; like a stool, it cannot stand 
on only two legs. The structural strength f: * the entire operation, 
then, is supplied by effective systems plan::’ \g. 

It will be useful to examine the Business Information System 
installed by the Westinghouse Electric Corporation. It demon- 
strates how designers can consider all the necessity elements of a 
complete system and establish a proper balance between them. 

The Westinghouse 
Information System 

Late in 1962, Westinghouse established a corporate, general 
purpose information processing center using a high-speed, real-time 8 
computer. This computer serves as the hub of a nationwide tele- 
printer network. The heart of the system is called the Tele-Computer 
Center. 

Basic to the concept of the Tele-Computer Colter is the use of 
the computer to perform the function of message switching in the 
network. The message switching activity, however, is a means to 
an end, rather than an end itself. With the computer as an integral 
part of the existing communications system, and with every message 
passing through it, it is ideally situated to identify and intercept 
data messages of many different lands and to perform functions 
ranging far beyond the simple routing of traffic. In addition to its 
real-time capability, the computer has extensive batch processing 
capabilities, being arranged to interrupt batch programs in progress 
to take care of real-time situations. 

Many of the applications involve the use of the real-time capabili- 
ties of the system to gather data via the teleprinter network from 
widely separated operations, storing it automatically, and processing 
it periodically as required for the production of management control 
information. Some of the applications result in the production of 
information for specific operating divisions, others in the production 
of information for the use of Headquarters management. 

The Tele-Computer Center provides essential benefits in many 
key areas of operations. To customers, for example, it means faster 
delivery of orders than was ever possible before. To the Westing- 
house Electric Corporation itself, it means more efficient operation 
and more valid information for management decisions. To Westing- 
house salesmen it means greater speed in obtaining estimates, sub- 
mitting quotes, and answering inquiries about stock availability, as 
well as improved service to their customers. (Figures 9 and 10.) 



* Tha concept of “rMl-timo” operation is discusssd in Chapter VI. 



The Tele-Computer Center serves approximately 300 locations 
throughout the United States and Canada. These include plants, 
administrative and sales offices, warehouses, repair centers, and dis- 
tributors for the entire organization. The Tele-Computer Center 
has been designed to administer four major operations, each of 
which will be described briefly: 

1. Message switching 

2. Order processing and inventory control 

3. Corporate accounting applications 

4. Remote data processing 

Message Switching. The first application of the information 
system, starting in December, 1962, was message switching, a func- 
tion basic to the applications which were planned for later. In 
addition to performing various switching functions, the program 
takes care of a number of additional tasks, including generating 
daily statistics and message accounting. This message accounting is 
required for proper distribution of charges to the various company 
units using the communication facilities. Cards for billing are pro- 
duced at the end of each days run. 

Order Processing and Inventory Control. Any of the 117 indus- 
trial and utility sales offices served by the information system may 
originate an order message, using a teleprinter to prepare a message 
tape in a specified format. The address code of the message directs 
it automatically to the order processing program within the 
computer. 

The computer performs certain checking and editing functions 
and then proceeds to locate the desired items in its file of inventory 
records. If an item is out of stock at the warehouse nearest the 
customer, the computer searches for the item at warehouses pro- 
gressively nearer the factory, and finally at the factory itself, in 
order to minimize transportation costs. 

Having located the required items, the computer generates a 
message, directing the warehouses to ship the items. It also prepares 
the shipping labels, bills of lading, and packing lists for those items 
on the receiving teleprinters at the warehouses. Meanwhile price 
extensions and sales taxes have been calculated for the periodic 
invoice printing run. Inventory records are updated as each order 
is processed, and examined for reordering points. If a reordering 
point is reached, the applicable formulas are automatically brought 
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FIGURE 9 THE WESTINGHOUSE TELEPRINTER 
MESSAGE SWITCHING SYSTEM 
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FIGURE 10 WESTINGHOUSE AUTOMATED 
ORDER PROCESSING AND 
INVENTORY CONTROL SYSTEM 
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Massaga switching program racaivas and diracts incoming 

musagas: 

^P recognizes stock-status inquiries, customer orders, and 
stock receipt reports, and writes them on random-access 
section frof^urhich order entry program racaivas all job as- 
signments. ^POn-site order sarvica staff may receive mas- 
sages via channels other than teleprinter. In such cases, they 
may enter information directly to the order entry program, 
by-passing the teleprinter switching input. 

« >ck-status inquiries receive priorty: order-entry program 
checks warehouse inventory for availability of ordered 
items at deeign^ttl warehouse, or alternate warehouses, if 
necessary; and ^P replies in standard form through mes- 
sage switching output whose program also gives priority to 
stock-status messages. A 

Customer orders are processed as received. w They con- 
tain coded customer billing and shippij^ad dress, product 
identification, ami preferred warehouse. ^P Ordet entry pro- 
gram searches preferred warehouse inventory. ^For items 



not available at preferred warehouse, program uses geo- 
graphic warehouse file to find items at warehouses progres- 
sively closer to factory, and finally at factory itself. 

As items are assigned to an order, inventory totals are 
reduced accordingly. Inventory control program constantly 
monitors inventory records. When recording point is reached, 
program includes the item in daily inventory-control batch run 
which sends teleprinter stock-replenishment information to 
factories, calculated for economical production quantities. 

Order-entry program performs shipment paperwork: ex- 

tracts customer special requiraunts and shipping address 
from random-access file, and sends shipping notices to 
seated warehouses via teleprinter switching output program. 

Teleprinter at warehouses print the actual labels, bills 
of lading and all paperwork necessary to make shipment. 



> ai^Jocal tax data, completing information for 
a V) *nd stores on tape for periodic invoice- 



Order-entry program^rtracts from random-access file: ^P 
ir^tfig information; ^P discount schedules for each item; 
^P customer billing address and discount classification; 



and ^P state i 

printing invoice 
printing runs (several per day) and accounts-receivabie input 
information. 

If an item is out of stock: ^P the sales office and the 
customer are notified through da ilybuk -order run, which also 
g^Mrates telepriniei notification ^P of back-ordered items; 

^P order service > taff at Tele-Computer footer is notified 
via printed reports, run several times daily. ^P Stock-status 
reporting program also generates weekly stock bulletins on 
active items, monthly stock statistics for manufacturing divi- 
sion planning, and a periodic order service guide to the entire 
product file. 

At end of each day: order-entry progran^nitiates daily 

accounting and financial control program; PP information 
for billing analyses idiomatically collected for each man- 
ufacturing division; ^P price realization reports, tax re- 
ports, and billing-versus-cost reports and analyses are 
printed. 
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into play to determine the proper replenishment quantity. A requisi- 
tion message is automatically produced and sent to the proper 
factory. Sales statistics are also accumulated during the processing 
of orders. The entire process takes less than three seconds after 
receipt of an order message. 

The system provides as a by-product a high-speed, automatic 
stock inquiry service to sales offices. Priority is given to these 
inquiries; the only delay is the time necessary to complete the 
transmission of a message already in progress on the receiving line. 
Before installation of the system, information received by sales 
offices was often two to six weeks old. 

Corporate Accounting Applications. The Tele-Computer 
Center also performs most of the corporate and headquarters 
accounting functions. Those for which time is not a critical factor 
are handled as conventional batch processing applications. Among 
such functions are the maintenance of stockholder records and 
issuance of dividends; maintenance of headquarters, regional and 
pension payrolls; generation of monthly budget statements; an d 
maintenance of fixed asset records and depreciation accounting. 

There are two major accounting programs which are run on a 
real-time basis. The output of these programs provides information 
that is of extreme interest to management, and the usefulness of this 
information for decision-making purposes declines rapidly with age. 

One of these accounting programs is the gathering and compila- 
tion of month-end financial results from the profit centers and 
subsidiaries. At the beginning of 1964, Westinghouse abandoned the 
old method of gathering the month-end results of the profit centers 
by mail and manually auditing, correcting, and assembling the in- 
dividual results into group and corporate statements. Now, on the 
appointed closing day, a real-time computer program gathers the 
trial balances of the profit centers via the teleprinter network, audit- 
ing each set of figures as it arrives. If discrepancies are discovered, 
a request for correction is generated by the program and auto- 
matically sent to the reporting location over the teleprinter network. 
When all locations have reported correctly, the key statements are 
immediately generated in final form for reproduction and distribu- 
tion to top management. It is now possible, through the use of the 
teleprinter network, to speed up the receipt of the financial data 
and, with automatic auditing and assembly, to give this vital 
information to management several days earlier than in the past. 

In July, 1964, the second of the major real-time accounting pro- 
grams went into operation at the Tele-Computer Center. The cash 
management information program provides the company’s Head- 
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quarters Treasury Department with complete and up-to-the-second 
data relating to cash. The teleprinter network is utilized for collect- 
ing data in the computer as well as for providing daily reports and 
answering specific inquiries from Treasury. The program includes 
the continuous recording of deposits of cash collections, the transfer 
of funds to co ,r er the cash needs of the various divisional activities, 
the maintenance of bank balances for the approximately 250 bank 
accounts used by the company, and the reporting of cash data to 
Headquarters Treasury. 

More importantly, this program demonstrates the feasibility of 
providing management with up-to-the-minute financial data by 
“push-button" request from a remote office. An inquiry device has 
been installed in the Treasury Office which enables that office to 
request such information as die up-to-the-minute cash position of 
the company, the amount of collections from customers, the disburse- 
ments made from the company’s various payroll and accounts pay- 
able locations, the current balance in any of its bank accounts, the 
availability of such funds, and the current status of its marketable 
securities. The Treasury personnel merely set a fr at dials on the 
inquiry device and push the button — from the?! on, die communica- 
tions network and the computer take over. The computer receives 
the inquiry, interprets it, and within a few seconds relays the answer 
back to the treasurer’s office. 

Also, die various divisions now have a new means of requisitioning 
funds to cover their disbursements. Cach time the divisions issue 
checks to pay employees or suppliers, they send a teleprinter message 
di reedy the computer. The computer extracts certain key infor- 

mation from the memory file and relays the message to a teleprinter 
at the local bank. Using this teleprinter message as its authority, 
the bank transfers funds from the local bank account to the appro- 
priate division’s bank account by way of the bank’s wire service. 

Remote Data Processing. With the computer tied into every 
company location large enough to justify a teleprinter terminal, 
each such location has direct access to the information-processing 
facilities of the Center. Westinghouse is now working on a pilot 
project to exter i the capabilities of the information center to one 
of its manufacturing divisions. The program will preside the manu- 
facturing division with an information processing and real-time 
information retrieval service it could not afford to support by itself. 
Thus, the Tele-Computer Center will eventually serve as a source of 
iufoimation not only for top management, but also for the manage- 
ments of separate divisions in the internal operation of their 
businesses. 
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Summary 

The emphasis in this chapter has been upon die many possible 
business applications of data communications. Although only a 
few examples were described in detail, there is probably no area 
of a business operation that cannot use data communications 
effectively. 

But this wide applicability of data communications can result 
in each department setting up its own data processing and com- 
munications system without regard to the needs of other depart- 
ments. A company-wide approach to die data processing and com- 
munications problem, however, can result in a highly efficient 
Business Information System serving the needs of all departments. 
In many cases, the best solution is a center with data communication 
facilities serving all units of the organization. An example of such 
planning is the information system of die Westinghouse Electric 
Corporation. 



Discussion Questions 

1. Describe two business examples to demonstrate the close working relationship 
between data communications and data processing. 

2. Discuss the concept of a Business Information System. 

3. Does the establishment of a Business Information System tend to increase or 
decrease the problems of internal record-keeping? Why? 

4. How could one communication system be used to satisfy the needs of both the 
payroll department and the production department? 

5. List four concrete benefits accruing to the Wet. .» jhouse Electric Corporation 
as a direct result of its Tele-Computer Center ir> Pittsburgh. 
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Chapter IV 



COMMUNICATION 
PROBLEMS IN 
INFORMATION SYSTEMS 

Recognition of a problem is always the first step toward finding 
a solution. As businesses, government agencies, and other large-scale 
organizations become increasingly aware of the potential of data 
communications, they are learning to look more critically at their 
existing systems of information handling. Problems that formerly 
were unrecognized or were considered among the unavoidable draw- 
backs of being large and having widely scattered operations are 
now being examined in the light of new knowledge in the field of 
communication techniques. As a company approaches unwieldy 
size, its management can consider decentralization with the assur- 
ance that it can link all its independent or semi-independent com- 
ponents to a central unified body with a communications system 
that speeds information from the point of origin to the point where 
it will be used. 

Before an organization «»n utilize the techniques of data com- 
munications, it must first recognize not only the existence of a 
problem in information handling but also the type of problem. 
For purposes of discussion, it is useful to classify information 
problems into six basic categories. These are: Belated Information, 
Outdated Information, Inaccessible Information, Expensive Informa- 
tion, Inaccurate Information; and Mutilated Information. There is, 
of course, a certain overlap in these classifications — information 
that is outdated or inaccessible is necessarily belated — but solutions 
are easiest to find when the origin of the difficulty is pinpointed. 

Belated Infor ma tion 

Lat arrival is the most common problem of information move- 
ment. One or two case studies will highlight the requirement for 
closer coordination in the transmission of information. 

Because the first applications of electronic data processing were 
heavily slanted toward accounting functions, it is not surprising that, 
today, many firms process their entire payroll at one centralized 
location. Ibis practice automatically creates a problem of getting 
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the time-card information into the data processing center quickly 
and then returning paychecks to widely scattered locations in time 
to meet the pay schedules. 

A solution is to devise a system which will convey time-card 
information from the plant site to the centralized accounting point 
in a matter of minutes. The United States mail or a fleet of 
messenger trucks can deliver payroll data covering most of the work 
days in a payroll period, but sending in the data for the last few 
days of the period may require a faster means of communication. 

A wood products company that operates several lumber camps 
in the Pacific Northwest had just such a problem. Like the chemical 
company discussed under Accounting Operations in Chapter III, 
this company found it difficult to get time-card information from 
the camp sites to the data processing location, prepare the pay- 
checks, and return them in time to meet the loggers’ payday. The 
problem was solved by using a teleprinter and a teleprinter exchange 
service 1 to transmit the time report to the main plant at the end of 
each week. (Figure 11.) After the payroll is processed and the 
paycheck information calculated, t : - ' main office calls each lumber 
camp, using the same communication service. The payroll clerk at 
the lumber camp inserts special paycheck forms in the keyboard 
printer, which then automatically prints the paychecks from the 
data being sent from the main office. An authorized official at each 
camp signs the checks. This system has reduced payroll processing 
time to such an extent that paychecks can include wages for the 
previous working day. 

In another situation, a telephone company owned a series of 
storerooms scattered throughout the state. Each of these store- 
rooms daily ordered materials, which were required for the following 
day, from a central warehouse. The material requirements were 
not usually known until late in the afternoon, and by the time 
requisitions were completed and sent to the central warehouse, it 
was impossible to make deliveries the following day. 

To solve this time problem, each storeroom was provided with a 
small desk-top punched card transmitter and a set of prepunched 
cards, one card for each frequently ordered item. During the eve- 
ning, after the order has been determined, the stockroom attendant 
at each of the storerooms places a telephone cal' .o establish con- 
nection with the card punch at the central warehouse. He identifies 
his location and authenticates his order by means of a prepunched 
card containing the number of the storeroom and his authority 

1 Teleprinter exchange service* are described in the Supplementary Information Section. 
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Figure 11 A wood products company uses teleprinters to send timecard information 
from the lumbering camps to the data processing center. The same machines are used 
later to receive the payroll information on paycheck blanks which are then signed by 
the camp manager. 




number. He then feeds in, one at a time, a punched card for each 
item of the order. The quantity of each item is entered manually 
by means of a small keyboard associated with the punched card 
transmitter. As this information is transmitted, it is punched into 
a card at the warehouse. 

After the cards are punched at the warehouse, they are processed 
on a computer that produces a printed requisition. In addition, 
the computer handles the billing and inventory control tasks. Soon 
thereafter, the order is filled, the appropriate truck is loaded with 
die shipment for each storeroom, and delivery is made during the 
early morning hours of the following day. (Figure 12.) 

In this example, data communications permitted delivery time 
to be reduced by one day, making it possible to keep inventories to 
a minimum and, at the same time, to fulfill the needs of customers 
more rapidly. 

Outdated Information 

Most companies possess a great deal of information in one form 
or another. But even when much of this information is maintained 
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Figure 1i. Some telephone companies use punched card systems to order materials 
from the supplier's warehouses. 
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in some machine-processable form such as paper tape, punched 
cards, or magnetic tape, the latest information is often not available 
to many of the people who need it. 

Many gas, electric and telephone companies, which usually bill 
their customers monthly or bimonthly, have such a problem. 
Although most utility companies have automated and centralized 
their billing procedures, they frequently accept incoming payments 
at many widely dispersed points convenient to the consumer. In 
the absence of a data communication system to reconcile centralized 
billing with the decentralized accounts receivable operation, the 
computer at central headquarters does not have up-to-date payment 
information. It may send a delinquency reminder to some customers 
who have already paid their bills but whose accounts have not yet 
been credited. 

Information that is unavailable to those who need it is of little 
value. For example, branch sales offices sometimes write orders 
contingent upon the company’s ability to deliver. But many sales 
offices have no means of determining whether the factory or which 
of several warehouses can fill an order at the time it is being written. 
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An appliance manufacturer was confronted with this problem. 
His sales offices required up-to-date information on the inventory 
status of the various appliances manufactured. The information was 
available in the computer center at the main office but was only sent 
to the sale? office periodically. As a result, many important customers 
had not received theii orders as promised. The situation demanded 
attention. 

An appraisal of the problem revealed the advantages of giving 
each sales office access to the information in the computer. A system 
was designed that enabled a salesman in any of the offices to 
immediately determine the availability of a particular appliance 
model. The salesman would place a teleprinter call from his office 
to the computer, which would then search its “files” and send back 
the information in printed form on the salesman’s teleprinter. If 
the order was entered at the time of inquiry, the sale was entered 
in the computer memory and the computer revised the inventory 
on hand accordingly. With this system the company not only 
extended the services of its computer to the branch sales offices but 
also was able to keep its inventory file up to date. 

When a company’s operations are dispersed, it is inevitable that 
information frequently has to be transferred from one location to 
another as needed. Data communications can provide this mobility. 

Inaccessible Information 

Essential day-to-day operating information may be located in 
places inaccessible to ordinary means of data collection. Perhaps the 
points where information must be gathered are so scattered, so 
numerous, or so remote that it is difficult to reach them all. In most 
cases, data communications can help to overcome problems of 
information inaccessibility. 

A problem of this type confronts state authorities responsible for 
maintaining the purity of rivers and streams. In many cases, water 
pollution is caused by industrial wastes dumped into the streams. 
One aid to controlling pollution is daily monitoring of the various 
streams to check on the purity of the water. In this way, it is 
possible to detect quickly any pollution-producing wastes that have 
been deposited in the streams. However, a genuinely effective 
system of control requires frequent monitoring of all locations where 
wastes might be dumped into the water. It would be prohibitively 
costly to maintain such a system solely on the basis of manpower. 

One practicable solution is to establish monitoring devices at 
appropriate points along each stream. These devices, already com- 



mercially available, can check such conditions as turbidity, tempera- 
ture, percentage of dissolved oxygen, and degree of acidity. The 
devices can be connected to regular telephone lines in the same way 
that home telephones are connected to the nearest telephone 
switching office. The central testing bureau can then call each of 
these remote monitoring devices, perhaps as often as every fifteen 
minutes, and automatically read out and record the various test 
measurements. In this way, it is possible to m aintain a close check 
on the purity of the water at many locations and know very quickly 
where pollution has occurred. With such a system, it is also possible 
to periodically move these monitors from one location to another. 
This periodic movement gives the system greater scope and permits 
it to cover a very large area on an intermittent basis. 

A similar problem is associated with the Nuclear Test-Ban Treaty 
of 1963. Some scientists regard the effectiveness of the ban on 
nuclear testing in the atmosphere as directly proportional to the 
adequacy of our own devices for detecting changes in the earth’s 
magnetic field. (Any nuclear explosion in the atmosphere will cause 
a change in the earth’s magnetic field.) One research group ad- 
vocates establishing a worldwide system for monitoring the strength 
and direction of the earth’s magnetic field. To avoid electrical 
interference, the basic measuring devices (called magnetometers) 
must be placed in remote locations miles from any highway or road, 
or even from any television transmitting antenna. Telephone lines 
can be used to transmit readings from the unmann ed devices directly 
to a centralized computer. 

The two examples cited relate to problems of gathering informa- 
tion from remote locations. Many of the problems engendered by 
the information explosion discussed in Chapter II also fall into the 
"inaccessibility” classification. In most cases, data co mmunic ations 
can help to provide a workable solution. 

Expensive information 

The storage and maintenance of the same customer information 
at more than one place can prove to be an expensive practice. Local 
branch offices and agencies of insurance companies, for example, 
have customarily kept policy information on those clients whom 
they service, recording changes as they occur and forwarding the 
information to the home office. Some companies, however, have 
found it more economical to store all policy information in a com- 
puter center at the home office. All premium notices are sent from 
the home office. 



45 



Whenever a branch office or agency requires information from a 
policy of one of its clients, it uses a teleprinter to place a call to the 
computer at the home office. The computer searches its memory 
and prints out all the requested information on the terminal equip- 
ment located in the local office. Any changes first recorded in the 
local office can be routed to the home office with the same equip- 
ment. Thus, it is not necessary for each local office to maintain a 
complete file of such information as the status of policy loans and 
premium payments, most of which might not be up to date. Neither 
is it necessary for the home office, which administers all policies on 
a current basis by means of its computer, to send the branches all 
policy status information, much of which might never be needed. 

Any situation that requires maintenance of identical information 
at both central and subsidiary locations warrants reappraisal in the 
light of the ability of data communications to transmit data without 
significant delay from a central storage location to wherever it is 
needed. It will often be found that costs can be lowered substantially 
by eliminating duplicate local files, not only because of the duplicate 
work of mai n taini n g the file and the additional cost of record storage, 

' but also because of the problem of reconciling discrepancies which 
tend to arise. 



Inaccurate Information 

Frequent complaints about the accuracy of orders and other data 
that must pass through several processing locations indicate another 
problem in the movement of information. One typical case will 
illustrate the point. 

A steel manufacturer presently has orders typed in the sales office, 
with copies sent to the originating salesman, the district sales office, 
and the central sales order section. The sales order section reviews 
the order, adds to it the mill order number, scheduling data, and 
the credit rating and then prepares a new eleven-part order form 
to send copies to various departments in the mil!: production control, 
shipping, traffic, statistical center, and billing. 

As the separate copies of the order are processed through the 
plant — for example^ from shipping to traffic and back again — any 
new information supplied by one department must be added to 
other copies of the same order at different locations. The opportuni- 
ties for error in such a system are manifold. In fact, many costly 
omissions of information and inaccurate entries do occur. 

To help correct these problems, a data communication system 
is being planned that will not only transmit the information accu- 



rately, but will reduce the number of times the same material has to 
be recopied. For example, teleprinter equipment can produce a 
punched paper tape in which all the original data is recorded, e.g., 
customer s shipping and billing addresses, item and quantity ordered, 
etc. A renm of the tape at any time results in page copy identical 
to the original order and in the same format. Because only the new 
information has to be added manually, the opportunities for human 
error are greatly diminished. In addition, the routing time of order 
copies is reduced, as plant messenger service is replaced by data 
transmission links. 

Mutilated Information 

Some university clubs in the larger cities have a large membership 
and operate extensive club facilities. To cite a specific case, one 
university club in New York City has over 1,800 members. Their 
individual expenditures at the club are recorded on “chits” ( signed 
vouchers covering expenditures). Under the former system, the 
chits were collected on a daily basis from the various departments 
— restaurant, barber shop, lodging, etc. — manually sorted by clerks 
in the main office, and then forwarded to an outside service bureau 
for billing and other processing. Bills were printed by the service 
bureau computer and returned with the chits to the club for mailing. 

Because of frequent handling for assembling, processing and two- 
way mailing, many chits were hard to read and too many errors 
were being made. Furthermore, members’ questions about specific 
charges could not be answered while the chits were at the service 
bureau. 

When consulted about this problem of mutilated information, 
representatives of the communication and business-machine com- 
panies recommended the use of an adding machine equipped with 
a tape punch for the production of a punched paper tape. The club 
installed the equipment. Now all chits are gathered daily and an 
operator keys the account number, a code number to identify the 
kind of charge, and the amount. The punched paper tape is sent to 
the service bureau daily by means of teleprinter equipment. This 
new system eliminates the necessity for repeated handling of the 
chits and solves the problem of mutilated information. 
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Summary 

The infonnation-handling system of a company should be ex- 
amined whenever significant information flowing through the 
system is belated, outdated, inaccessible, expensive, inaccurate, or 
mutilated. 

The significance of such a problem does not necessarily relate to 
the frequency with which it occurs. Even an occasional difficulty 
may develop into a major problem if it affects service to important 
customers. Business managers are well advised to be alert to such 
warning signs and to institute a remedial program before the prob- 
lem becomes major. 



Discussion Questions 

1. In your own words, describe the six basic classifications of information problems. 

2. What other difficulties, not described in the text, might arise in connection with 
the movement of information? 

3. What are some of the probable consequences if information handling prob- 
lems are allowed to remain uncorrected? 

4. How can data communications help solve the problem of belated information? 

5. What are some of the advantages of a centralized file with fast communication 
access over duplicate records at several locations? 
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Chapter V 



PLANNING A 

AT A 

COMMUNICATION 

SYSTEM 




The task of planning a data communication system is best ap- 
proached as a problem requiring the application of scientific 
method. As with any such problem, a solution is found most read- 
ily by following certain logical steps. These steps can be summarized 
as follows: 

(1) Identify and define die problem. 

(2) Gather and a iyze the facts. 

(3) Develop alternative solutions. 

(4) Test solutions to determine their effectiveness and efficiency. 

(5) Select best solution. 

(6) Implement the solution. 

(7) Follow up. 

In applying this method to die problem of designing a data com- 
munication system, it is useful to restate these steps m more specific, 
goal-oriented form: 

(1) Identify and define die problem describing the objectives 
to be sought from improved data communications. 

(2) Gather and analyze the facts to determine the specifica- 
tions for: 

(a) Distribution, 

(b) Volume, 

(c) Urgency, 

(d) Language, 

(e) Accuracy of the information. 

(3) Design alternative data communication systems that will 
meet both the specifications and the objectives. 



'V 



49 






(4) Determine costs of the alternative systems. 

(5) Evaluate all systems in relation to: 

(a) How well they meet the objectives, 

(b) How well they satisfy the specifications, 

(c) How much they cost, 

(d) What other benefits they provide. 

And select the best solution. 

(0) Implement the selected system. 

(7) Followup: 

(a) To assure that system does indeed meet the objectives, 

(b) To determine if die requirements of the system have 
changed. 

This chapter will discuss each of these steps in detail Particular 
attention *vifl be devoted to Step 2, for this is the area that demands 
the largest part of a communication system designer's time. 



identify and Define Pr oble m 

flans to use a data communication system result from either a 
need to solve a specific information handling problem or from a 
desire to explore the possibility of benefiting from die new com- 
munication techr ues. Both motives are often present to some 
degree. 

Problems that indicate a need for some improvement in informa- 
tion handling methods usually fit into one or more of die categories 
in Chapter IV (belated, outdated, inaccessible, expensive, inac- 
curate, and mutilated information). Even problems that are not 
immediately apparent tend to incubate, grow, and suddenly become 
urgent when customers begin to complain about such things as 
late deliveries or inaccurate bills. This kind of eruption can be 
avoided if a manager maintains a close watch over die flow of 
information within his company and is alert to warning signs that 
indicate possible problems in the movement of information. 

Even though a problem seems to have been identified, the 
analyst must be certain that he is not treating just the symptoms 
rather than die problem itself. Errors in billing information, for 
example, can be minimized by having clerks recheck each bill, but 
even though ti e incidence of error may be greatly reduced, die 
basic cause of error (perhaps handwritten orders that are difficult 
to read) will not have been eliminated. 
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It is also essential that the objectives of the new system be 
clearly stated They will be the guidelines for design of the system 
and will also supply the standards by which it can be measured. 
The objectives should be stated in terms of th«* company’s own 
particular operation. This list of general objectives incorporates 
most that ire likely to apply to any specific company: 

(1) Improve service to customers. 

(2) Reduce costs of order handling, inventory, data processing, 
record keeping, or other company operation. 

(3) Make more selective and relevant information available to 
management 

(4) Reduce the time delay in payroll preparation. 

(5) Provide an integrated informatic'i system serving all 
departments. 

(6) Reduce inventories witliout delaying shipment of orders. 

(7) Shorten die period required to prepare invoices. 

(8) Reduce delivery intervals. 

(9) Make data processing capabilities available to remote loca- 
tions. 

(10) Shorten the time required to determine stock availability 
in order to quote delivery dates to customers rapidly. 

After the analyst has identified and defined the problem and has 
carefully set forth the objectives of the new system, he is in a 
position to take the next step in p lannin g a data communication 
system. 

Gather and Analyze the Facts 

In planning a data communication system, five major character- 
istics of the information to be moved must be considered. These 
characteristics are distribution, volume , urgency , language and 
accuracy. Each must be analyzed in detail, for upon them is based 
the whole design of the system. 

Distribution of the Information. A logical starting point in the 
design of a data communication system is to determine the most 
efficient pattern for internal distribution of company information. 
The system designer should first make a chart showing all the loca- 
tions that receive or provide such essential operating information as 
sales orders, production reports, payroll data, etc. 

Such a chart might resemble the one in Figure 13 which shows 
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figure 13. A typical information flow for a small company with a headquarters, one 
factory and two sales office locations. 



the information flow for a small company with a headquarters, one 
factory, and two sales offices. The chart also shows the type of 
information that is exchanged among the four locations. Notice 
that in this simplified example no information flows between the 
two sales offices. Although it may not be obvious here, the informa- 
tion sent between two locations will frequently move in only 
one direction. 

An experienced communication system designer may also diagram 
the information flow on a map to show the geographical distribu- 
tion. When locations are scattered over a wide area, it is helpful 
to see a schematic showing them in relation to one another. Figure 
14 is a geographical diagram for the company described above. 

Most company information systems are of course more compli- 
cated than this example. However, means are available to aid in the 
analysis of larger systems since all distribution systems, no matter 
how complex, can be broken down into one or more of four basic 
patterns: 




^°^ 0 lT! W ° n ' Jmoph “ *» *" relotion- 

smps D*rw«m the locations that are not otherwise obvious. 
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1. One point to one otker point. 

2. One point to many other points. 

3. Many points to one point. 

4. Many points to many other points. 

The phrase “many points,” may refer to any number from two to 
several hundred or more. The more points, of course, encompassed 
by the distribution pattern, the more complicated die design prob- 
lem. For purposes of illustration, “many” will be exemplified by an 
eight-point pattern. These various distribution patterns are illus- 
trated in Figure 15. 

The one-to-one pattern is very simple. The flow of information 
may lie in one direction only, in either direction alternately, or in 
both directions simultaneously. In communications terms these 
directional flows are called one-way, half duplex, and duplex (some- 
times full duplex) transmission, respectively. 

The choice of communications channel type depends upon the 
volume of data that will flow between the two points. If the 
volume is low, a dialed-up call between the two points will prove 
the most economical. On the other hand, if the volume between die 
two points is large, a private line obtained from a communications 
common carrier or from company-owned equipment may be more 
economical than dialed-up calls because it could be used twenty- 
four hours a day at a fixed charge. 

The one-to-many pattern is used in systems where (1) informa- 
tion is disseminated to many locations from one centralized office, 
or (2) the centralized location initiates calls to oudying locations 
and die information is returned from these locations. An example 
of the first type is a weather broadcast network which sends out 
weather reports to many stations. 

In the second type, the central location periodically calls each 
oudying office. Since the calls are made on a regular schedule, the 
personnel at each office know when to expect their calls and the 
operators can have their information ready for transmission when 
called. This reverse flow of information, however, does not change 
the basic one-to-many distribution pattern because the calls still 
emanate from one location. 

The type of channels to be used in this system will again be de- 
termined by the volume of information to be transmitted. If die 
volume is great enough it may be necessary to extend private lines 
to each of die oudying locations. It would also be possible to make 
use of a special co mm unications service which enables the central 
location to place dialed-up calls as often as necessary without 
affecting a predetermined flat-rate monthly charge. 
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Many-to-many (switched connections) Many-to-many (party line connection) 



Figure 15. Bask distribution patterns. 
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The third basic classification is the many-points-to-one-point 
pattern. As in the previous one-to^many pattern, it is the direction 
of calling which determines the distribution pattern. A typical 
case is an inquiry system where many locations call into a computer 
for information. In this case the desired replies flow outward from 
the computer in response to the inquiries. 

In other cases, the direction of calling and the flow of information 
are the same. For example, sales offices may initiate calls to a 
centralized data processing center and transmit sales orders for 
further processing. 

The many-points-to-many-other-points distribution is the most 
complex of the four basic distribution patterns. Every point in the 
system can send and/or receive information from every other point 
in the system. In Figure 15 y the pattern is shown as if there were a 
direct line between each of the many points. This is the situation in 
which the early telephone companies found themselves when they 
tried to interconnect every customer with every other customer. 
This system soon proved to be uneconomical, and switching centers 
were established to provide temporary connections between the 
calling party and the party being called. This arrangement permits 
economical application of the basic distribution pattern of many 
points to many points. In this arrangement, every location is con- 
nected to the switching center via a direct line. When information 
is to be sent to any location, the calling station identifies (by dialing 
or using special address codes) the called station, and the switching 
center acts as the point of connection for the two lines. After the 
information has been transmitted, the connection between the two 
lines is broken. 

There is one other method of interconnecting many locations so 
that any station can send or receive information from any other 
station. This method provides for the connection of all the stations 
on a party line arrangement. In its simplest version every message 
sent on the line is received at every location. It is possible, how- 
ever. for each station to have its own special address code, and any 
station wishing to send a message can first send the Call Directing 
Code. This CDC will activate only the equipment located at the 
intended receiving station; all other stations will remain turned off. 
Only the proper station, therefore, receives the message. Again the 
basic distribution pattern of many-to-many has not changed even 
though the method of handling the information is different. This 
arrangement usually utilizes private lines to connect the stations. 

In each of these basic distribution patterns, the volume of infor- 
mation to be handled is a significant factor. In a large communica- 
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tioD system, variations in volume between the different points may 
dictate that more than one distribution pattern be employed. 

A multiple arrangement is shown in the diagram of the com- 
munications network used by a two-division company. (Figure 16.) 
The Western division of this company contains a sub-system that 
requires a one-to-many distribution pattern. In this division, orders 
from all the sales offices are collected at one location. Since the 
volume of information at each location is relatively small, and there 
is no exchange of information between the sales offices, the offices 
can be called with dialed-up calls. The accumulated information 
is forwarded from the collecting sales office over a private line to 
company headquarters. The volume of data between these two 
points is large enough to justify a direct private-line arrangement. 
In the Eastern division, on the other hand, the sales offices, the 
factory and the headquarters are connected on a party-line arrange- 
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Fiquie 16. A communications network for o typ'cal two-division company. This network 
utilizes a "one-to-many," a "one-to-one" and a "many-to-many" distribu* ; _n pattern. 
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